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The Role of Diacylglycerol Kinase β (DGKβ) in Higher Brain Function: Behavioral Analyses of DGKβ 
Knockout Mice 
 
Mitsue ISHISAKA, Hideaki HARA* 
 
Abstract: Diacylglycerol kinase (DGK) is an enzyme that converts diacylglycerol to phosphatidic acid. To date, ten isoforms of 
DGKs have been identified in mammals, and it is reported that DGKs is strongly expressed in the brain. DGKβ, a type of DGK, is 
expressed in the olfactory bulb, cortex, hippocampus, and striatum. The roles of DGKβ are still unknown. We generated the DGKβ 
knockout (KO) mice and investigated the phenotypes of DGKβ KO mice. DGKβ KO mice showed mania-like behaviors such as 
hyperactivity and reduced anxiety. These mania-like behaviors were ameliorated after commonly used medication for mania were 
administered. Furthermore, DGKβ KO mice showed attention-deficit behavior, which was ameliorated by treatment with 
methylphenidate. Furthermore, DGKβ KO mice showed increased seizure sensitivity due to the decreased numbers of depressor 
neurons in the hippocampus. These results suggest that deficit of DGKβ is involved in various neurological diseases including mania, 
and DGKβ KO mice would be useful to elucidate the pathogenesis and find the therapeutic targets in these disorders of the central 
nervous system. 
 







ホスホリパーゼ C (PLC) の活性化が生じ、ホスファチジ
ルイノシトール-4,5-二リン酸からジアシルグリセロール 
(DG) が産生される1)。DGは直接的にプロテインキナーゼ
C (PKC) と結合し、PKCを活性化する2)。PKC の他にも、 
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Fig. 1. Gq-protein-coupled receptor downstream signaling. 
GPCR : G-protein-coupled receptor, G : G-protein, PLC : 
phospholipase C, PIP2 : phosphatidylinositol 4,5-bisphosphate,  
IP3 : inositol 1,4,5-trisphosphate, DG : diacylglycerol, DGK : 
diacylglycerol kinase, PA : phosphatidic acid  
 
DG は RAS グアニルヌクレオチド放出タンパク質など、
様々なタンパク質の活性化にも関与している3)。 
そして DGは、ホスファチジン酸 (PA) へと変換され、PA
もまたmammalian target of rapamycin (mTOR) やRaf-1キナ
ーゼなどの様々なタンパク質の活性化に関与している4)。
ジアシルグリセロールキナーゼ (DGK) はこの DG から
PAへの変換を行う酵素であり、細胞内の DGと PAのバラ
ンスを制御することで他の細胞内シグナルに大きな影響
を与えていると考えられる (Fig. 1)5)。 
 現在までに、哺乳類においては、10種類の DGK アイソ
フォームが同定されている6-15)。DGK の多くは、特に中枢
神経系に多く発現していることが知られているが、その構
造や発現分布、機能は多種多様である (Fig. 2)16-22)。 




















 筆者らは本研究において、DGKβ 欠損マウスを用いて、 
Fig. 2. The structures and classification of DGKs.  
DGK isoforms are classified into five types.  
PH: pleckstrin homology, MARCKS: myristoylated 
alanine-rich protein kinase C substrate 
The figure was cited from ref 22. 
 







て行った。縦 30×横 30×高さ 30 cmの試験装置を用い、
薬物投与後速やかにマウスを試験装置内に移し、30 分間
マウスの馴化を行った。その後 60 分間のマウスの行動を
ビデオカメラにより撮影し、Etho Vision XT (Noldus, 











要因 [F(1,103) = 31.47, p < 0.01] および薬物要因[F(2,103)= 






 岐阜薬科大学紀要 Vol. 65, 11-19 (2016)    13 
 
Fig. 3. The effect of chronic treatment of valproate (VPA) 
and olanzapine (Ola) on the locomtor activity of WT and 
DGKβ KO mice. 
The distance moved during the 1-h duration of open field test. 
Values are expressed as the mean ± SEM (n = 10 - 28). ##p  < 
0.01 vs. vehicle-treated WT mice (Student's t-test). **p < 0.01 
vs.vehicle-treated WT mice, $ p < 0.05 vs. vehicle-treated KO 











央滞在時間に関して、有意な遺伝子要因 [F(1,103) = 4.82, p 
< 0.05] および薬物要因 [F(2,103) = 6.71, p < 0.01] の主作
用が認められた。また、マウスの中央への侵入回数に関し
ても、有意な遺伝子要因 [F(1,103) = 15.01, p < 0.01] およ

















報30)に従い object-based attention test を行った。この試験に 
Fig. 4. The effect of chronic treatment of valproate (VPA) 
and olanzapine (Ola) on the anxiety levels of WT and DGKβ 
KO mice. 
(A) Duration in the central zone, and (B) frequency in the 
central zone during the 1-h duration of open field test. Values 
are expressed as the mean ± SEM (n = 10 - 28). ##p < 0.01 vs. 
vehicle-treated WT mice (Student's t-test). *p  < 0.05 vs.  
vehicle-treated WT mice, $p < 0.05, $$p < 0.01 vs. 
vehicle-treated KO mice (Dunnett's test). The figure was cited 
from ref 28. 
 
おいては、3分間または 6分間の獲得試行の後に保持試行
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Fig. 5. DGKβ KO mice showed an attention-deficit behavior 
in object based attention test.  
(A) Mice were exposed to five object for 3 min (training 
session), then, after an interval of 10 sec, they were exposed to 
two objects that include a familiar and a novel objects for 3 min 
(retention session). (B) Object exploration time during the 3-  
min training session. (C) The novel-object discriminating 
abilities of mice were expressed as a recognition index. Values 
are expressed as the mean ± SEM. (KO: n = 8, WT: n = 9) *p < 
0.05 vs. WT mice (t-test). (D) Mice were exposed to five 
objects for 6 min (training session), then, after an interval of 10 
sec, they were exposed to two objects that include a familiar 
and a novel objects for 3 min (retention session). (E) Object 
exploration time during the 6-min training session. (F) The 
novel object discriminating abilities of mice were expressed as 
a recognition index. Values are expressed as the mean ± SEM. 
(KO: n = 6, WT: n = 7). The figure was cited from ref 29. 
 
Fig. 6. The effect of methylphenidate (MPH) on the 
attention-deficit behavior of DGKβ KO mice in the 
object-based attention test.  
The effect of MPH on the recognition index in retention 
phase after 3-min training phase. Values are expressed as the 
mean ± SEM. (n = 6 or 7) *p < 0.05, **p < 0.01 vs. 
vehicle-treated WT mice,#p <0.05 vs. vehicle-treated KO mice 

















発活動量の増加が認められた (i.p., MPH 0.3 mg/kg; p = 
0.318, MPH 3 mg/kg; p = 0.005, and MPH 30 mg/kg; p = 0.003 
vs. vehicle-treated WT mice) (Fig. 7A)。しかしながら、DGKβ
欠損マウスにおいてメチルフェニデート投与による自発
活動量の変化は認められなかった (MPH 0.3 mg/kg; p = 
1.000, MPH 3 mg/kg; p = 0.958, and MPH 30 mg/kg; p = 1.000 
vs. vehicle-treated KO mice) (Fig. 7A)。また、メチルフェニ




た (Fig. 7B)。野生型マウスに比べ、DGKβ 欠損マウスにお
いては、メチルフェニデートはわずかに自発活動量を増加
させた。30～35 分の時点における自発活動量の変化にお
いては、有意な遺伝的要因 [F(1, 24) = 9.01, p < 0.01]、薬物
要因  [F(1, 24) = 31.69, p < 0.001]が認められ、また遺伝
子・薬物の作用において交互作用が認められた [F(1, 24) = 
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Fig. 7. DGKβ KO mice showed an abnormal response to 
methylphenidate (MPH). 
(A) The locomotor activity after various doses of MPH. Each 
mouse was placed in a locomotor activity monitor for an initial 
period of 30 min and then injected with vehicle or MPH (0.3, 3, 
30 mg/kg, i.p.).  Horizontal activities of 90 min after drug 
treatment were recorded. Values are expressed as the mean ± 
SEM. (n = 5) *p < 0.05 vs. vehicle-treated WT mice (t-test), #p 
< 0.05,##p < 0.01 vs. vehicle-treated WT mice (Dunnett’s test). 
Each mouse was placed in a locomotor activity monitor for an 
initial period of 30 min (shown as arrow) and then injected with 
vehicle or MPH (30 mg/kg). Horizontal activity was recorded 
every 5 min for a 2-h period. Locomotor activity throughout the 
2-h period of WT (B) and DGKβ KO (C) mice. Values are 
expressed as the mean ±SEM. (n = 4 to 10) *p < 0.05, **p < 
0.01 vs. vehicle-treated group (t-test). The figure was cited 
from ref 29. 
 
化が生じるかを検討した。海馬およ海馬および前頭前皮質
















Fig. 8. Western blot analysis of the phosphorylation levels of 
ERK1/2 in the striatum following methylphenidate (MPH) 
treatment.  
Phosphorylated and total ERK1/2 levels in the striatum were 
measured by Western blot analysis. (A) Representative 
immunoblots showing the expression levels of phosphorylated 
ERK1/2 (p-ERK1/2) and total ERK (t-ERK) in the striatum of 
WT and DGKβ  KO mice 5 min after drug treatment. (B) 
Phosphorylation levels of ERK1/2 are quantified relative to the 
t-ERK1/2 levels. Values are expressed as the mean ± SEM. (n = 
5 to 8) **p < 0.01 vs. vehicle-treated WT mice group (t-test). 





上の重篤な痙攣が認められた (Table 1)。DGKβ 欠損マウス
の約半数において硬直性痙攣が認められたのに対し (ス
コア 5; 5/9)、野生型マウスにおいてはほとんどがスコア 4
の痙攣にとどまった (10 匹中 1 匹のマウスにおいてのみ、
スコア 5の痙攣が生じた)。80 mg/kg のペンチレンテトラ
ゾール投与後では、野生型マウスではスコア 4以上の痙攣
が認められたマウスは 5 匹中 1 匹であったのに対し、
DGKβ欠損マウスでは 5匹中 4匹のマウスにおいてスコア
4以上の痙攣が認められた。 
Table. 1. Occurrence of various seizure after 
pentylenetetrazol (PTZ) treatment in WT and DGKβ KO 
mice. 
PTZ (mg/kg, i.p.) 60 80
Genotypes WT KO WT KO
n 10 9 5 5
Score 4 (clonic convulsion) 10 (100%) 9 (100%) 5 (100%) 5 (100%)
Score 5 (tonic convulsion) 1 (10%) 5 (56%) 1 (20%) 4 (80%)
Score 6 (death) 0 1 (11%) 1 (20%) 4 (80%)
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 経時的な痙攣スコアの変化の検討を行ったところ、野生
型マウスにおいては痙攣スコアは投与 5 分後に最大とな
り、その後徐々に低下した (Fig. 9A)。一方、DGKβ 欠損マ
ウスの痙攣スコアは高いままであった。30 分間の観察中
において、痙攣スコアの合計値は野生型マウスに比べ、





よび 4 の痙攣の発生回数が DGKβ 欠損マウスにおいて有
意に増大していた (Fig. 9D)。 
 
Fig. 9. Behavioral changes in DGKβ KO mice after 
pentylenetetrazol (PTZ) treatment. 
(A) Mean seizure scores per one minute, (B) total seizure 
scores, (C) latency to reach a given seizure score, and (D) 
number of occurrences of a given seizure score, in WT and 
DGKβ KO mice after PTZ (60 mg/kg, i.p.) treatment. Values 
are expressed as the mean ± SEM. (WT, n = 10; KO, n = 9) *p 
< 0.05; **p < 0.01 vs. WT mice (Student's t-test). The figure 
was cited from ref 33. 
 













は、DGKβ 欠損マウスにおいて有意な増加が認められた  
Fig. 10. Behavioral changes in DGKβ knockout (KO) mice 
after kainic acid treatment. 
(A) Mean seizure scores per five minute, (B) total seizure 
scores, and (C) latency to reach a given seizure score, in WT 
and DGKβ KO mice after kainic acid (30 mg/kg, i.p.) treatment. 
Values are expressed as the mean ± SEM (WT, n = 7; KO, n = 
8) *p < 0.05; **p < 0.01 vs. WT mice (Student's t-test). The 
figure was cited from ref 33. 
 
(Fig. 10B)。しかしながら、スコア 3 の痙攣に達するまで
の潜時において、両群間において明らかな差は認められな
かった (Fig. 10C)。 
 
















 高次脳機能における DGKβ の役割を明らかにするため、
本総説では DGKβ 欠損マウスの行動薬理学的解析の結果
をまとめた。 
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Fig. 11. Parvalbumin-positive interneurons in hippocampal 
subregions. 
(A) Immunostaining for parvalbumin in the hippocampus of 
age-matched WT and DGKβ KO mice. Right panels show 
enlargements of the hippocampal CA3 region (shown by the 
box in the corresponding left panel). Scale bars = 100 μm. (B) 
Parvalbumin-positive cell numbers in the hippocampal 
subregions in WT and DGKβ KO mice. Values are expressed as 
the mean ± SEM. (WT, n = 6; KO, n = 5) *p < 0.05 vs. WT 






































な点が多いが、神経伝達物質である γ-アミノ酪酸  
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ADHD 治療薬の投与によって DGKβ 欠損マウスの過活動
が改善される可能性は十分に考えられる。現時点では、
ADHD 患者における DGKβ 遺伝子の異常等の報告はなさ
れていないが、今後詳細な検討を行うことで ADHD 病態
における DGKβ の関与が明らかになると考えられる。 








ン D1 および D2 受容体の両方が ERK1/2 のリン酸化を制
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９．特記事項 
 
 本総説は、岐阜薬科大学博士論文（甲 3号）の内容を中
心にまとめたものである。 
